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@ Disposable device for use In chemical, immunochemical and microorganism analysis. 



0 In accordance with an embodiment of the 
present invention, a substantially rigid, multi-well, 
self-pipetting device for use in chemical, im- 
munochemical and microorganism analysis is pro- 
vided. The device includes a substantially rigid, sub- 
stantially planar frame having, in operational orienta- 
^jtion. a front face, a back face, a top edge and a 
^ bottom edge. A plurality of test wells are disposed 
O within the device between the front face and the 
Jjback face, usually in a linear array. A filling manifold 
is located within the device. The filling manifold is in 
fluid communication with each of the test wells 
^ through a filling passageway. A docking port is pro- 
vided in the device which is adapted for receiving a 
©reservoir holding a fluid specimen. The docking port 
f\ is disposed on a peripheral surface of th device. 
UlThe docking port is in fluid communication with the 
filling manifold through a filling port and a filling 
- channel disposed within the device. With the device 



in its operational orientation, the test wells, filling 
channel, filling manifold and filling port are located at 
a level lower than the surface of the fluid in the 
reservoir. 

The device has a vent control system, also in 
fluid communication with the test wells, which is 
comprised of one or more vent manifolds, and/or 
valves to a vent manifold, andyor one or more vent 
holes or other passages to the ambient atmosphere. 
These vent holes, if present, are temporarily closed 
by a film or other means. With the device in its 
operational position, the vent manifold and/or vent 
holes of the vent control system are positioned high- 
er than the surface of the fluid in the resen/oir. The 
test wells are connected to the filling manifold and 
the vent control system according to the filling se- 
quence. The reservoir is also connected to the vent 
control system through a vent port and a vent chan- 
nel. The fluid specimen in the reservoir therefore 
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flows down to the filling manifold by gravity and 
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p,gp.^g^mc ncx/u-c PTTg 1!! gHg^lgAL IMMUNOCHEMICAL AND MICROORG ANISM ANALYSIS 



FIELD OF THE INVENTION 

The present invention relates to a device for 
use in exposing a sample to be tested to one or 
more test reactants. and more particularly, the 
present invention relates to an apparatus and pro- 
cess which may be adapted to microorganism 
identification, enzymatic analysis, chemical detec- 
tion of components in the sample, immunological 
detection of antigen/antibody, quantitative analysis 
of reactants, including antigen/antibody immunolog- 
ical reactions and immobilized antigen assays. 



BACKGROUND OF THE INVENTION 

The present invention relates to a process and 
apparatus for analyzing fluid specimens for the 
presence of a substance or for a quantitative part 
of a substance contained in the specimen and 
more particularly to a process and apparatus for 
detecting, analyzing, and identifying microorgan- 
isms. 

The conventional procedure for detecting and 
identifying microorganisms involves collecting a 
specimen and inoculating a part of this specimen 
onto a solid media which supports the growth of 
microorganisms. After incubation, the culture is ex- 
amined, for growth. Pure colonies are transferred to 
a series of test media for identification. Mixed cul- 
tures may require an additional isolation step if 
pure colonies are not available. The conventional 
time frame for the confirmatory identification of 
microorganisms from patient specimens ranges 
from 48 to 72 hours. 

Other types of chemical analysis rely on the 
introduction of a sample to one or more test wells 
containing different reactive materials followed by 
observation of the reaction of the liquid specimen 
with the materials. 

The present invention is directed toward pro- 
viding a disposable, easily used device wherein a 
liquid specimen or prepared broth containing a 
microorganism can be introduced into one or more 
test wells with a minimum of manipulative steps. At 
a designated time, the liquid specimen in a particu- 
lar well can be moved to one or more additional 
wells for one or more additional detection steps. 



PRIOR ART 

United States Patent No. 4.207.394 to Aldridge 
Jr. et al is directed to a cartridge device for use in 
5 the analysis of specimens for the presence of 
microorganisms therein. The analysis device of the 
Aldridge et al Patent, however, is complex and is 
not completely self-contained. The apparatus of the 
Aldridge et al Patent includes a cassette which 
10 contains a serpentine flow channel having a series 
of filters therein and a detection cell located down- 
stream from each Filter. The flow channel in each 
cassette contains a culture medium which is freeze 
dried and is highly selective in the sense that it 
;5 promotes the growth of one type of microorganism 
but not others. A mixture of the specimen and 
water flows from a manifold into the flow channel of 
each cassette where it rehydrates the culture me- 
dium therein and further flows through the filters. 
20 Each filter removes a known proportion of the mi- 
croorganisms from the mixture of specimen, water 
and medium, thereby effecting a serial dilution. 
After incubation, a detection cell is used to observe 
growth of any microorganisms therein which is 
25 manifested by a change in the light transmitting 
characteristics of the mixtures within the cells. 

Other microtiter apparatus and disposable in- 
oculation devices and cartridges are described in 
United States Patent N. 4,154.795 to Thorne, Unit- 
30 ed States Patent No. 4,090.920 to Studer Jr., Unit- 
ed States Patent^No. 4.318.994 to Meyea et al. 
United States Patent No. 4.018.652 to Lanham et al 
and United States Patent No. 4.028,151 1o Fadler 
et al. The prior art devices disclosed in the fore- 
35 going referenced patents differ substantially from 
the disposable, gravity fill, self-pipetting cartridge 
of the present invention in ease of use and elimina- 
tion of accessory toots and filling equipment. 

40 

SUMMARY OF INVENTION 

An object of the present invention is to provide 
an improved apparatus and process for introducing 
45 a specimen into one or more test wells. 

Another object of the present invention is to 
provide a device that is self-filling by means of 
gravity. 

Another object of the present invention is to 
50 provide a self-filling device that is disposable; self- 
contained, and low cost. 

Another object of the present invention is to 
provide a simple apparatus and method for re- 
hydrating one or more test wells with an aliquot of 
liquid specimen by gravity fill. 
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Another object of the present invention is to 
provide a self-filling device having nnultiple test 
wells which are isolated from each other in such 
manner as to prevent cross contamination. 

Another object of the present invention is to 
provide a self-filling device having multiple test 
wells which are isolated from each other but which 
can be interconnected in a desired configuration for 
performance of a series of tests by moving a 
sample from one test well to another. 

Another object of the present invention is to 
allow entrance into a specified well or specified set 
of wells by a fluid specimen at a designated time. 

Another object of the present invention is to 
allow movement of a reaction mixture in a well or 
set of wells to an additional area or areas following 
predesignated incubation period(s). 

Another object of the present invention is to 
provide a device which allows analysis to proceed 
rapidly, with no contamination of the environment, 
and no need for any additional accessories to per- 
form the analysis. 

Generally, in accordance with the most simple 
embodiment of the present invention, a substan- 
tially rigid, multi-well, self-pipetting device for use 
in chemical, immunochemical and microorganism 
analysis is provided. The device includes a sub- 
stantially rigid, substantially planar frame having, in 
operational orientation, a front face, a back face, a 
top edge and a bottom edge. A plurality of test 
wells are disposed within the device between the 
front face and the back face, usually in a linear 
. array. A filling manifold is located within the device. 
The filling manifold is in fluid communication with 
each of the test wells through a filling passageway. 
A docking port is provided in the device whicfn is 
adapted for receiving a reservoir holding a fluid 
specimen. The docking port is disposed on a pe- 
ripheral surface of the device. The docking port is 
in fluid communication with the filling manifold 
through a filling port and filling channel disposed 
within the device. With the device in its operational 
orientation, the test wells, filling channel, filling 
manifold and filling port are located at a level lower 
than the surface of the fluid in the reservoir. 

The device has a vent control system, also in 
fluid communication with the test wells, which is 
comprised of one or more vent manifolds, and/or 
valves to a vent manifold, and/or one or more vent 
holes or other passages to the ambient atmo- 
sphere. These vent holes, if present, are temporar- 
ily closed by a film or other means. With the 
device in its operational position, the vent manifold 
and/or vent holes of the vent control system are 
positioned higher than the surface of the fluid in the 
reservoir. The test wells are connected to parts of 
the filling manifold and the vent control system 
according to the filling sequence. The reservoir is 



also connected to the vent control system through 
a vent port and a vent channel. The fluid specimen 
in the reservoir therefore flows down to the filling 
manifold by gravity and fills the test wells vented to 
5 the reservoir or to the ambient atmosphere. 

Other test wells are sometimes subsequently 
filled by venting them to the reservoir, to outside 
air or to another test well at a higher level. The 
other test well may be filled by fluid from another 
10 test well, or from the filling manifold. 

The test wells contain appropriate reagents that 
may interact to cause a visible or otherwise detect- 
able change in the sample, or prepare the sample 
for subsequent wells, or prepare a solution to be 
,5 used for the test. Visible results may be seen 
through a clear window in the well. Wells may have 
a clear window to view results, two clear faces for 
photo analysis, or otherwise configured according 
to appropriate analysis. Reagents in the wells are 
20 dry, viscous, or contained from flowing through the 
device by a blotter, seal, or other means that 
allows mixing with the sample. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, advantages and fea- 
tures of the invention will be apparent to those 
skilled in the art from the following detailed de- 
30 scription thereof, taken in conjunction with the ac- 
companying drawings; wherein 

Figure 1 is a front plan view of a disposable, 
self-contained multi test well device in accordance 
with one embodiment of the present invention 
35 showing the intake manifold arrangement; 

Figure 2 is a back plan view of the device of 
Figure 1 showing the vent manifold arrangement; 

Figure 3 is an end view of the disposable 
device shown in Figures 1 and Figure 2; 
40 Figure 4 is a front plan view of a further 

embodiment of the disposable device of the 
present invention; 

Figure 5 is a front plan view of a still further 
embodiment of the disposable device of the 
45 present invention; 

Figure 6 is a front plan view of further em- 
bodiment of the disposable device of the invention 
showing a sequential array of test wells wherein the 
sample can be moved from a first test well to a 
50 sequence of test wells; 

Figure 7 is a side view of Figure 8; 
Figure 8 is an exploded, partially broken 
away view showing the laminar construction of Fig- 
ure 7; and 

55 Figure 9 is front plan view of a further em- 

bodiment of the disposable device of the present 
invention illustrating various arrays of welts suitable 
for sequential manipulation of a sample. 
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DETAILED DESCRIPTION OF THE INVENTION 

As Shown in Figures 1, 2 and 3, the disposable, 
multi-well, self-pipetting device of the present in- 
vention consists of a frame 1 1 nnade fronn a solid 
block of acrylic plastic or other suitable material. 
As shown in Figure 1 a filling manifold system 13 
is formed in the surface of the frame by machining 
of grooves or other suitable method. The filling 
manifold system 13 includes a filling manifold 15 
and a series of filling passageways 17 leading from 
the filling manifold 15 to each of a series of test 
wells 19. As shown in Figure 2 a venting manifold 
system 21 is formed in a similar fashion on the 
back side of the frame 11. The venting manifold 
system 21 includes a venting manifold 23 and a 
senes of venting passageways 25 leading from the 
test welts 19 to the venting manifold 23. The filling 
manifold system 15 and the venting manifold sys- 
tem 21 are machined or otherwise formed on op- 
posite sides of the frame 11. The test wells 19 are 
drilled or otherwise formed through the frame. After 
the frame has been formed with the filling manifold 
system 13 on one side and the venting manifold 
system 15 on the other side and the test wells 19 
have been drilled therein, the cartridge is com- 
pleted by gluing or othen^^ise securing a flexible or 
rigid sheet 26 of transparent plastic or other suit- 
able material onto the front side and back side of 
the frame. 

A docking port 27 is formed on a peripheral 
surface, which can be an edge or planer surface, of 
the frame 11, The docking port 27 is adapted to 
receive a "specimen reservoir or viat 29. As shown 
in Figures 1 and 2 the docking port 27 comprises a 
screw type cap which is affixed to the periphery of 
the frame 1 1 . The screw cap receives the threads 
of a specimen vial 29 when it is desired to use the 
cartridge of the invention. A filling channel 31 is 
drilled or otherwise formed through the frame 11 
and leads from a filling port 32 to form a fluid 
communication channel with the filling manifold 
system 13. A venting channel 33 is also drilled or 
otherwise formed through the frame 11 and leads 
from a venting port 34 to form a fluid communica- 
tion channel with the venting manifold system 23. 

In use, a reservoir 29, such as a vial, contain- 
ing a sample of inoculated serum or other fluid 
specimen is screwed into a mating relationship with 
the docking port 27. The device is oriented in a 
vertical position and is placed in a rack for incuba- 
tion of the inoculum . The test wells 19 are pro- 
vided with a variety of dry chemicals such as 
freeze dried carbohydrate media, prior to sealing 
the test wells, which react with various microorgan- 
isms or other analytes of interest. A color change 
in a s ries of test wells indicates the reactants 
which react with the microorganism to provide 



identification of the microorganism. 

Gravity is used to move the fluid specimen 
with no need for a pressure or vacuum source. The 
junction of the venting passageways 25 with the 
5 venting manifold 23 of the venting system 23 is 
always at an elevation higher than the surface of 
the fluid in the reservoir 29 when the device is 
located in its operational position. Usually, the en- 
tire venting manifold is at an elevation higher than 
w the surface of the fluid, although sections of the 
venting manifold 23 between the junction of the 
venting passageways 25 and the venting manifold 
could be lower than the surface of the fluid. As 
shown in Figures 1 . 2. 3, 4 and 5 the venting port 
T5 34 of the venting manifold system 21 is also posi- 
tioned higher than the surface level of the liquid 
specimen in the vial when the device is inverted 
into operating position. For other embodiments of 
the device where the venting port 34 would be 
20 lower than the surface level of the liquid specimen, 
such as shown in Figures 5 and 9. a vent extension 
tube 35 may be provided to move the venting port 
34 above the liquid level, although this is optional, 
since air which is displaced by the advance of fluid 
25 into the test wells would bubble thru the fluid in the 
resen/oir. Air in the system vents through the vent- 
ing manifold 23, and through venting channel 33 
into the serum vial. 

The intake manifold 15 can be positioned at 
30 any point tower than the filling port 32. The, posi- 
tioning of the vent manifold 23 above the surface of 
fluid in the reservoir assures that all of the test 
wells will fill and not be cut off by fluid from 
another test well. The venting manifold 23_of_ the 
35 venting manifold system 21 is positioned higher 
than the surface level of the fluid in the reservoir 
when the device is located into operating position. 
Such positioning of the venting manifold 23 as- 
sures that all of the test wells will fill and not be 
40 cutoff by fluid from another test well. Flow of the 
fluid is from the reservoir into the filling manifold 
system 13, into the test wells 19, out of the test 
wells 19 and into the venting manifold system 23 
and out of the venting manifold system 1 5 through 
45 venting channel 33 and back into the serum vial. 

The disposable, setf-pipetting. multi-well device 
of the present invention provides a disposable car- 
tridge for the delivery of small amounts (about 100 
microliters) of fluid to a series of wells from one 
50 source. Gravity is used to move the fluid without 
need for the provision of a pressure source or a 
vacuum source. As shown in Figure i. when lo- 
cated in operational position, the-venting port 34 of 
the venting manifold system 23 at the end of the 
55 venting channel 33 is higher than the inlet at the 
end of the filling channel 31 which connects with 
the filling manifold system 13. 

As shown in Figures 4. 5 and 6. which are 
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further embodiments of the disposable device of 
the invention, the intake manifold and the venting 
manifold may be located on the same side of the 
frame 1 1. In each of these embodiments, the intake 
manifold 15 is located below the test wells and the 
filling port. As shown in Figures 4, 5 and 6. the 
configuration of the disposable, multi-well, self- 
pipetting device of the present invention is adapted 
to many variations without departing from the 
scope of the invention. It should be understood that 
other variations are also included within the scope 
of the invention. For example, while the devices 
shown in drawings are depicted with planar frames, 
the frame could be made curvilinear or cylindrical. 
Also, the frame could be folded on either a vertical 
or horizontal axis. Curving or folding the frame 
would provide a device which would be capable of 
self alignment into a standup operational position. 

As shown in Figures 6. 7 and 8, the frame of 
the disposable device of the present invention can 
be made by lamination of several layers. As shown 
in Figure 7, a reagent reservoir 41 is provided 
within the frame for dispensing a secondary 
reagent to preselected test wells for observation of 
the reaction of the reagent with the specimen. A 
reservoir within the frame could also be the primary 
reservoir obviating this need for docking port 27 
reservoir 29. The routing circuit for distribution of 
the specimen through the intake manifold system 
13 and the venting manifold system 23 with routing 
of the reagent in the reagent well 31 is shown in 
Figures 8-13. Any desired circuit of movement of 
the specimen through a series of test wells can be 
provided by altering the laminar construction shown 
in Figures 8-13. 

Laminations can be added to allow for utiliza- 
tion of specified wells. Selected wells can remain 
visible and selected wells can be filled. Time regu- 
lated fluid reaction may be implemented using one 
of several arrangements: three possibilities include 
ladder channel arrangement, liposome technology, 
or the use of dissolvable crystals. Originally filled 
wells can be allowed to move to adjacent wells by 
venting thru a pierced vent hole or by valve place- 
ment. Vent holes may be resealed using removable 
tape or other suitable material. The laminar layers 
shown in Figure 7 may be made with sheet ma- 
terial or may be molded to result in fewer layers 
with the same result. 

As stiown in Figure 9, the diversity of manipu- 
lation of the multi-well, self-pipetting device of the 
invention is illustrated. The device in Figure 9 is 
prepared by machining or othen/vise forming the 
filling manifold 15. the filling passageways 17. the 
filling channel 31. the venting manifold 23. the 
venting passageways 25. the venting channel 33 
and primary test wells 19 in a suitable frame 11. In 
addition, secondary test wells 20 and a tertiary test 



well 22 are formed in the- frame 11. Auxiliary vent- 
ing passageways 24 lead from test wells 20 to a 
terminus vent hole 28 near the top of the frame. A 
venting passageway 24a leads from test well 22 to 
5 a terminus vent hole 28a. When the device is 
completed by securing a flexible sheet 26 the 
frame 11. the vent holes 28 and 28a of the venting 
passageways 24 are closed. 

In use, the fluid specimen in the vial 29 first 
10 fills test wells 19 which are in return communica- 
tion with the vial through the venting manifold sys- 
tem 21. Test wells 20 and 22 will not fill because of 
back pressure produced by blocking of auxiliary 
venting passageways 24 and 24a at the vent holes 
;5 28 and 28a. When the flexible sheet 26 is pierced 
at the vent hole 28 with a suitable object, such as 
the tip of pencil, the venting passageways 24 be- 
come open to ambient pressure and the fluid 
specimen will proceed from test wells 19 to test 
20 wells 20. When the flexible sheet 26 is pierced at 
the vent hole 28a. the venting passageway 24a 
becomes open to ambient pressure and the fluid 
specimen will proceed from test well 20 to test well 
22. Of course, many combinations of one. two. 
25 three or more test well configurations can be de- 
vised for a single testing device depending on the 
chemical reactions or manipulations required for 
the fluid specimen. 

30 

Claims 

1. A multi-well, self-pipetting device for use in 
chemical.- immunochemical and microorganism 
35 analysis, said device comprising: 

a frame having in operational orientation a 
body and a periphery: 

40 a plurality of test wells disposed within said 

body; 

a filling manifold located within said frame, 
said filling manifold being in fluid communication 
45 with each of said plurality of test wells: 

a venting manifold located within said frame in 
a position above the filling manifold and above the 
plurality of test wells, said venting manifold being 
50 in fluid communication with each of said plurality of 
test wells; and 

a docking port for receiving a container 
holding a fluid specimen, said docking port being 
55 located on the periphery of said frame, said dock- 
ing port being in fluid communication with said 
filling manifold and with said venting manifold. 
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2. A device m accordance with Claim 1 wherein 
said docking port is located in an intermediate 
position between said filling manifold and said 
venting manifold. 

3. A device in accordance with Claim 1 wherein 5 
a reservoir containing a fluid specimen is affixed to 
said docking port. 

4. A device in accordance with Claim 3 wherein 
the fluid specimen has a top level and said venting 
manifold is located at a position higher than the top ?o 
level of said fluid specimen when said device is 
positioned in said operational orientation. 

5. A device in accordance with Claim 1 wherein 
reagents are disposed in said test wells. 

6. A device in accordance with Claim 1 wherein is 
predetermined groups of test wells are coupled in 
sequence by interconnecting passageways. 

7. A device in accordance with Claim 6 wherein 
an auxiliary venting passageway is in fluid commu- 
nication with at least one of said plurality test wells 20 
of one of said groups, said auxiliary passageway 
being isolated from said venting manifold and said 
auxiliary passageway leading to a venting point and 
means for exposing said venting port to ambient 
pressure or to fluid communication with said vent- 25 
ing manifold. 

8. A device in accordance with Claim 1 which 
is folded on a horizontal or vertical axis. 

9. A device in accordance with Claim 1 which 

is formed in a curvilinear shape. 3C 
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© Disposable device for use in chemical, immunochemical and microorganism analysis. 



@ In accordance with an embodiment of the 
present invention, a substantially rigid, multi-welt, 
self-pipetting device for use in chemical, im- 
munochemical and microorganism analysis is pro- 
vided. The device includes a substantially rigid, sub- 
stantially planar frame having, in operational orienta- 
tion, a front face, a back face, a top edge and a 
bottom edge. A plurality of test wells are disposed 
within the device between the front face and the 
back face, usually in a linear array. A filling manifold 
Mis located within the device. The filling manifold is in 
^ fluid communication with each of the test wells 
©through a filling passageway. A docking port is pro- 
^vided in the device which is adapted for receiving a 
W reservoir holding a fluid specimen. The docking port 
^is disposed on a peripheral surlace of the device. 
00 The docking port is in fluid communication with the 
^.filling, manifold through a_ filling.^porl and. a filling, 
©channel disposed within the device. With the device 
^ in its operational orientation, the test wells, filling 
channel, filling manifold and filling port are located at 
a level lower than the surface of the fluid in the 
reservoir. 



The device has a vent control system, also in 
fluid communication with the test wells, which is 
comprised of one or more vent manifolds, and/or 
valves to a vent manifold, and/or one or more vent 
holes or other passages to the ambient atmosphere. 
These vent holes, if present, are temporahly closed 
by a film or other means. With the' device in its 
operational position, the vent manifold and/or vent 
holes of the vent control system are positioned high- 
er than the surface of the fluid in the reservoir. The 
test wells are connected to the filling manifold and 
the vent control system according to the filling se- 
quence. The reservoir is also connected to the vent 
control system through a vent port and a vent chan- 
nel. The fluid specimen in the reservoir therefore 
flows down to the filling manifold by gravity and fills 
the test wells vented to the reservoir or to the 
ambient atmosphere. 



Xerox Copy Centre 




la 



J 



European Patent 
OfHce 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 
A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-3 957 583 (GIBSON) 

* Figures 1,4; column 3, line 42 - 
column 4, line 19; claims 1-3,15 * 

US-A-4 318 994 (MEYER) 

* Claims 1,2 * 

US-A-4 018 552 (LANHAM) 

* Figures 1,5,6; claims 1,5 * 

US-A-4 330 627 (THOMAS) 

* Figures 1-3; claims 1,4,5 * 

FR-A-1 598 197 (CINQUALBRE) 

* Abstract; page 5, lines 15-30; figure 
1 * 

US-A-4 207 394 (ALDRIDGE) 

* Claims 1-8 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



1-9 
1 

1-3 

1.5,6 

1,5 

1,5 



Applicaiion Number 



EP 88 10 3376 



CLASSIFICATION OF THE 
APPLICATION Onl. CI. 4) 



C 12 M 
C 12 M 



1/32 
1/18 



TECHNICAL HELOS 
SEARCHED ant. C1.4) 



C 12 M 



Place of search 

THE HAGUE 



Date of completion of the searth 

05-12-1989 



Examiner 

EPAILURD P.J.H.M. 



CATEGORY OF UTED DOCUMENTS 

X : pirticularly relevant if taken alone 

Y : panicuUrly relevant if combined with another 

document of the same category 
A : technological background 
O : non-wrinen disclosure 
P : intermediate document 



T : theory oi^principlc underlying the invention 
£ : earlier patent documeotf but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



